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Abstract: The efficiency of lighting installations is a major challenge concerning Governments,
productive sectors and individuals. However, the importance of accurate lighting in some areas,
especially those related to Health and Wellbeing is so critical that the constraints of energy efficiency
and sustainability are not always a priority. This situation has become more critical with the current
boom in the application of non-visual effects of light to these areas. In this study, the effects oftwo
different kinds of lighting on femalevictims of gender violence are compared and analyzed in terms
of positive results and impact on energy consumption and sustainability. The lighting technologies
used are integrated in facilities where these women carry out different activities aimed at their
integration into daily life after their traumatic experiences. The results are expected to become
a tool for professionals working with these collectives and for installation designers. In spite of
the well-known effects of cold light, especially for tasks involving arousal, sleepiness and other
critical variables, it is demonstrated that daylight, which is obviously cheaper from productive and
environmental perspectives, is better for this application.
Keywords: natural light; LED; energy savings; visual ergonomics; non-visual effects of light;
victims’ recovery
1. Introduction
How to improve the recovery of female victims of gender violence using the non-visual effects of
light from a sustainable perspective will be analyzed. Although sustainability, non-visual paths and
victims’ recovery could seem independent topics, the impact of illumination on psychological and
physiological parameters, via some non-visual paths such as melatonin or cortisol ones, can influence
the way in which victims of gender violence get over traumatic situations. The remarkable impact of
lighting in financial and environmental terms forms a complex polynomial, in which victims’ recovery
and wellbeing must come first and, once achieved, optimization must be sought.
Non-Visual Effects of Illumination
The use of the non-visual effects of light is a challenge to prevent and palliate several effects
of violence [1] or feelings related with vulnerability [2]. Some of the effects of gender violence
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explained above (insomnia, depression, low self-esteem, isolation, etc.) are related with circadian
rhythms, the non-visual paths of melatonin and, hence, the illumination conditions. Melatonin is a
neurohormone secreted by the pineal gland which participates in processes such as sleep, relaxation
and arousal [3]. The higher the level of melatonin, the greater the drowsiness. On the other hand,
their inhibition leads to an alert being raised and insomnia. Cortisol [4], another hormone that also
responds to light levels, has an antagonistic effect on melatonin: its release helps us to raise alertness
levels. The inhibition of melatonin secretion and the release of cortisol are especially fostered when the
levels of illumination are high and the color temperature of the light is cold.
Besides extreme or non-usual conditions of illumination, several works have demonstrated the
influence of lighting in environmental or daily conditions on people’s performance, behavior and
well-being [5,6]. Thus, the study of Küller [7] about the impact of fluorescent light on endocrine,
neurophysiological indexes on the level of well-being and stress, concluded that high illumination levels
of fluorescent light can awaken the central nervous system and that this leads to stress. More recently,
Hoffmann [8] concluded that workplace lighting and its variations are critical to determining the
productivity of employees and their well-being. The results of Leichtfried [9] suggest that a brief
exposure to bright light induced an increase in subjective mood and alertness, which dim light did not.
In this work, the impact of lighting on somnolence, mental effort, self-esteem and depression
in women enrolled in programs to get over the consequences of gender violence will be studied.
Departing from the results, some measures concerning the use of the light installations and power
consumption will be proposed.
Due to the wide casuistry of traumas, previous experiences, age, social conditions and responses
to therapy, it is necessary to remark that this research does not aim to find exact solutions to every
problem, but to identify trends and potential lines of work that can contribute to the improvement of
the quality of life of victims of gender violence, from a sustainable perspective if possible.
2. Materials and Methods
This study was conducted in the installations of the Andalusian Institute for Women (IAM) in
Granada with women enrolled in workshops to get over traumatic experiences derived from gender
violence. Questionnaires were conducted after ordinary workshop sessions. Their results were compared
to quantitative measures of the lighting conditions in the rooms where the workshops took place.
2.1. Participants and Sessions
The participants of this study belonged to two groups: Group 1 and Group 2. Both groups were
evaluated in two different sessions: S1, carried out under electrical lighting alone or complemented
with natural light; and S2, exclusively under natural light. Both sessions were carried out at
different times.
The participants were all victims of gender violence participating in group therapy. The average
age was 41 according to the distributions by group and age ranges shown in Table 1 and Figure 1.
The women belonged to different social classes and were enrolled in the therapy to overcome the
damage caused in their life.
Table 1. Age distribution in the different groups and sessions. Due to the variety of personal situations
among the participants, not all of them assisted both sessions as seen in the differences in average age
in each session within the same group.





Total Sample 41.08 9.3
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the following: 
2.2.1. Auditorium 
It is a large room with the capacity to hold about 75 people, usually used for conferences and 
other events (Figure 2). Besides this use, some therapy sessions with the women participating in this 
study took place in this room. Although it has some windows, they look onto an extremely narrow 
street and they are always curtained. Hence, there is no natural light and any activity needs electrical 
lighting, which is provided by means of 15 luminaries, each with two 18W “LED tubes” having a 
correlated color temperature Tcc = 6000 K. The installed power in the Auditorium is 540 W. 
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Other workshops and activities were carried out in one top-floor room in a tower (although the 
Institute has been completely redeveloped, the building is historical and some singular features such 
as the old tower are kept). It has the capacity to hold about 20 people. 
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2.2.2. Tower Room
Other workshops and activities were carried out in one top-floor room in a tower (although the
Institute has been completely redeveloped, the building is historical and some singular features such
as the old tower are kept). It has the capacity to hold about 20 people.
Sustainability 2017, 9, 562 4 of 9
In this tower, there are wide windows allowing a high flux of daylight to enter (Figure 3).
Depending on the time of the day, activities are carried out exclusively with natural light or with
the combination of electrical and natural light. The lighting installation of this room consists of four
luminaries, each with two 18W “LED tubes” having a correlated color temperature Tcc = 6000 K.
The installed power in the Tower room is 144 W.
Sustainability 2017, 9, 562  4 of 9 
In this to er, there are ide indo s allo ing a high flux of daylight to enter (Figure 3). 
epending on the time of the day, activities are carried out exclusively with natural light or with the 
combination of electrical and natural light. The lighting installation of this room consists of four 
lu inaries, each with two 18W “LED tubes” having a correlated color temperature Tcc = 6000 K. The 
installed power in the Tower room is 144 W. 
 
Figure 3. Tower room in the Andalusian Institute for Women (IAM). 
2.2.3. Questionnaire 
The questionnaire included seven parts: initial data (date, age, activity schedule); hours slept 
the night before; physical activity; drowsiness after activities are carried out (Karolinska Sleepiness 
Scale); effort needed to complete activities (Rating Scale for Mental Effort); self-esteem (Rosenberg 
scale) and Satisfaction With Life Scale (SWLS).  
These scales, that are well-known and fully validated by the scientific community, have the 
following particularities: 
Drowsiness: Karolinska Sleepiness Scale  
The Karolinska Sleepiness Scale (KSS) is used to indicate the degree of drowsiness of the 
individual after completing one task [10]. It ranges from 1 to 9 between two extremes: Awake (1) and 
falling asleep (9).  
Mental Effort: Rating Scale for Mental Effort 
The Rating Scale for Mental effort (RSME) evaluates the effort needed to complete one given 
task [11]. It ranges from 0 to 150 including some labels indicating the degree of effort, from 
“absolutely no effort” to “extreme effort”. 
Self-Esteem: Rosenberg Self-Esteem Scale 
The Rosenberg Self-Esteem Scale evaluates self-esteem, understood as feelings of self-worth 
and self-respect [12]. It consists of 10 questions, with five being set positively and five negatively so 
as to control the effect of self-administered acquiescence. 
Satisfaction with Life Scale (SWLS) 
The purpose of this scale is to assess the cognitive aspects of the welfare of a person [13]. It has 
five options which are assessed as agree or disagree statements within the Likert 7-point scale. 
2.3. Measurements of Lighting Conditions 
The spaces under consideration were illuminated with natural light, LED luminaries or the 
combination of both. The light emitted by the LED luminaries was cold, with a correlated color 
temperature. 
Figure 3. Tower room in the Andalusian Institute for Women (IAM).
2.2.3. Questionnaire
The questionnaire included seven parts: initial data (date, age, activity schedule); hours slept the
night before; physical activity; drowsiness after activities are carried out (Karolinska Sleepiness Scale);
effort needed to complete activities (Rating Scale for Mental Effort); self-esteem (Rosenberg scale) and
Satisfaction With Life Scale (SWLS).
These scales, that are well-known and fully validated by the scientific community, have the
following particularities:
Drowsiness: Karolinska Sleepiness Scale
The Karolinska Sleepiness Scale (KSS) is used to indicate the degree of drowsiness of the individual
after completing one task [10]. It ranges from 1 to 9 between two extremes: Awake (1) and falling
asleep (9).
ental Effort: Rating Scale for ental Effort
The Rating Scale for ental effort (RS E) evaluates the effort needed to co plete one given
task [11]. It ranges from 0 to 150 including some labels indicating the degree of effort, from “absolutely
no effort” to “extreme effort”.
Self- stee : osenber Self- stee c l
e Self-Estee Scale evaluates elf-esteem, understood as feelings of self-worth and
self-r spect [12]. It consists of 10 questions, with five being set positively and five negatively so as t
control the effect of self-administered acquiescence.
Satisfacti it ife c le ( )
e r ose of t is scale is t ssess t e c iti e as ects f t e elfare f ers [13]. It s
fi e ti s ic re ssesse s ree r is ree st te e ts it i t e i ert - i t sc le.
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2.3. Measurements of Lighting Conditions
The spaces under consideration were illuminated with natural light, LED luminaries or the
combination of both. The light emitted by the LED luminaries was cold, with a correlated
color temperature.
Average illuminance, and illuminance uniformity, were measured with a calibrated
luxmeter-colormeter on the working planes of the rooms under consideration. The rooms had opaque
curtains that can be open or closed, allowing daylight to enter or not. These condition are shown in
Table 2.
Table 2. Data collection and space conditions.
Group Session Electrical Illumination Conditions Eav (Lux) U0
1-S1 Afternoon on LED + natural 4029 0.529
1-S2 Afternoon off Natural 3881 0.462
2-S1 Morning on LED 506 0.623
2-S2 Morning off Natural 3881 0.462
3. Results and Discussion
Analysis of the data shows that the physical activity (Table 3) and hours slept (Figure 4) are quite
similar between groups and sessions. This eliminates some potential biases due to lack of homogeneity
among groups independent from the lighting conditions.
Table 3. Physical activity in general terms.
Physical Activity 1-S1 1-S2 2-S1 2-S2
Regular practice YES YES YES YES
Type of activity Walk Walk Walk Walk
Sustainability 2017, 9, 562  5 of 9 
Average illuminance, and illuminance uniformity, were measured with a calibrated 
luxmeter-colormeter on the working planes of the rooms under consideration. The rooms had 
opaque curtains that can be open or closed, allowing daylight to enter or not. These condition are 
shown in Table 2. 
Table 2. Data collection and space conditions. 
Group Session Electrical Illumination Conditions Eav (Lux) U0 
1-S1 f on n LED + n l 9 0.529 
1-S2 Afternoon off Natural 3881 0.462 
2-S1 Morning on LED 506 0.623 
2-S2 Morning off Natural 3881 0.462 
3. Results and Discussion 
Analysis of the data shows that the physical activity (Table 3) and hours slept (Figure 4) are 
quite similar between groups and sessions. This eliminates some potential biases due to lack of 
homogeneity among groups independent from the lighting conditions. 
Table 3.Physical activity in general terms. 
Physical Activity 1-S1 1-S2 2-S1 2-S2 
Regular practice YES YES YES YES 
Type of activity Walk Walk Walk Walk 
 
Figure 4. Slept hours. 
In addition, the reported hours slept are accurate, which eliminates impaired performances due 
to conditions external to the activities in the classrooms such as psychophysiological insomnia. This 
kind of insomnia is a behavioral disorder concerning the inability to sleep and its consequences 
include trauma, worries, and sleepiness. This last consequence increases distraction during the 
execution of a monotonous task and impairs the performance of psychomotor tasks [14,15].Table 4 
presents a drowsiness estimation after the workshops measured with the Karolinska Sleepiness 
Scale (KSS). 
Table 4.Karolinska Sleepiness Scale (KSS) average scores and standard deviation in the different 
groups and all the participants together. 
Group Av. Score SD
1-S1 1.5 1.28 
1-S2 2.0 1.33 
2-S1 1.8 1.25 
2-S2 1.4 0.93 
Total Sample 1.6 1.15 
Figure 4. Slept hours.
In addition, the reported hours slept are accurate, which eliminates impaired performances due to
conditions external to the activities in the classrooms such as psychophysiological insomnia. This kind
of insomnia is a behavioral disorder concerning the inability to sleep and its consequences include
trauma, worries, and sleepiness. This last consequence increases distraction during the execution of
a monotonous task and impairs the performance of psychomotor tasks [14,15]. Table 4 presents a
drowsiness estimation after the workshops measured with the Karolinska Sleepiness Scale (KSS).
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Table 4. Karolinska Sleepiness Scale (KSS) average scores and standard deviation in the different
groups and all the participants together.
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Analysis of Table 4 shows that the scores in the KSS are quite similar in all the groups. This result
is important because, in spite of the different lighting conditions, going from 500 to 4000 lux, there
seems to be no difference in drowsiness as long as the standard recommendations are respected [16].
In fact, sessions in spaces with much lower average illuminance (2-S1) or any combination of light
sources (LED+Sun in 1-S1, only sun in 1-S2 and 2-S2) show similar values in the KSS. This means that,
in the absence of daylight, it is not necessary to consume high amounts of electrical power to keep the
users awake when we are above the regulation requirements. In addition, LED sources have a similar
impact on drowsiness to sun alone.
Concerning the mental effort, results are shown in Table 5:
Table 5. Rating Scale for Mental effort (RSME) average scores and standard deviation in the different
groups and all the participants together.
Group Label Av. Score SD
1-S1 almost no effort 15.7 23.44
1-S2 a little effort 19 29.98
2-S1 absolutely no effort 6.3 15.01
2-S2 absolutely no effort 3.6 9.24
Total Sample almost no effort 11.3 21.14
Analysis of Table 5 highlights differences among the scores depending on the group: although
the mental effort is low in all the cases, the rates were remarkably higher in the first group. This result
is noteworthy because the RSME average score in the first session of Group 2 (2-S1) is much lower
than any of the average scores in Group 1, in spite of the remarkably lower illuminance (506 lux in
Table 2). These results, combined with the values in Table 2, suggest that the higher effort could be
due to two facts or the combination of both: (1) the sessions of Group 1 were carried out during the
afternoon or (2) personal factors of the participants in Group 1. However, careful analysis of Table 1
and Figure 4 shows that eventual bias due to personal factors cannot come from the age of participants
(similar in both groups) nor the habitual practice of exercise or hours slept (even higher in 1-S1, where
the RSME score is high).
Furthermore, Table 1 shows that differences cannot come from the spectral distribution of the
light used, because natural and LED illumination were present in both groups.
In summary, the levels of illumination do not seem to influence the mental effort of gender
violence victims after their workshops, meaning that high consumptions of energy are not necessary
for the facilities under consideration.
In addition, natural light seems to have similar effects to LED luminaries emitting cold light,
which is deemed to enhance alertness and foster activity due to melatonin suppression. This last
situation is similar to the one regarding somnolence. In addition, the most remarkable impact seems
to come from the workshop schedule. These situations must be considered by designers and Public
Administrations when planning these kind of installations.
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The third questionnaire concerned one extremely important parameter for female victims of
gender violence: self-esteem. The results of participants’ perception of this feeling after the workshops
are presented in Table 6:
Table 6. Rosenberg scale of self-esteem average scores and standard deviation. Values for individual
groups and all the participants together.
Group Label Av. Score SD
1-S1 Average self-esteem 26 7.08
1-S2 High self-esteem 30 7.01
2-S1 Average self-esteem 26 5.96
2-S2 Average self-esteem 26 6.20
Total Sample Average self-esteem 27 5.53
According to the data above, only Group 1 experienced a real evolution in terms of self-esteem.
This data is remarkable because this group achieved average somnolence and mental effort scores
in the second session. Regarding the lighting conditions, the second session, in which self-esteem
was improved, was carried out under natural light. This means that, besides the logical benefit of
the workshop, the effect of daylight is at least similar to the effectof specific cold lighting, even if the
levels of illuminance are lower (almost 4% less in S2). In Group 2, no improvement in self-esteem
was observed from S1 to S2. This means that daylight is at least similar to cold LED light for the
objectives of this research. In summary, besides the benefits in financial and environmental terms,
the use of daylight in workshops with victims getting over the effects of gender violence seems to
improve self-esteem or, at least, is no worse than cold LED light.
Regarding the Satisfaction with Life Scale (SWLS), the average scores and standard deviations are
shown in Table 7:
Table 7. Satisfaction With Life Scale: average scores and standard deviation. Values for individual
groups and all the participants together.
Group Label Av. Score SD
1-S1 Below the average satisfaction 17.8 6.7
1-S2 Below the average satisfaction 16.9 7.65
2-S1 Dissatisfied 14.5 7.45
2-S2 Below the average satisfaction 16 5.94
Total Sample Below the average satisfaction 16.2 6.91
The values in Table 7 show low satisfaction with life, which might seem logical in victims of such
traumatic situations. In addition, the evolution through the sessions is not significant. On one hand,
this means that these workshops do not improve satisfaction with life and, on the other hand, the
lighting conditions seem to be irrelevant in the improvement of this parameter. Although this last
remark could lead one to understand that lighting is irrelevant, it has major importance because it
means that, once more, natural light is at least as effective as specific white and cold LED lighting,
with the subsequent impact on energy saving and the environment.
Once more, the efforts orientated towards fostering the use of natural light with light pipes,
wide windows or other means seem to be profitable from all the perspectives.
In summary, concentrating all the workshops in the tower room at times when the users can profit
from daylight could avoid the continuous use of one installation (the Auditorium) whose installed
power is 540 W. This means that 1.08 KWh could be saved in each workshop. In a very conservative
estimation, if only two sessions with victims of gender violence took place in the Auditorium every
week for an estimated period of 11 months, a yearly saving of 207.36 KWh would be achieved with
better results for the recovery of this extremely important collective.
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4. Conclusions
The results above show that the lighting installations in the facilities used for the recovery
of female victims of gender violence do not need to consume high amounts of energy to achieve
their objectives.
In spite of the heterogeneity of situations, the results obtained after coupling qualitative measures
and quantitative answers to questionnaires suggest some important clues for the planning and
management of lighting installations destined to activities of this important collective. The most
remarkable are the following:
(1) Although the influence of cold light on arousal and concentration has been proven for years,
the effect of natural light on sleepiness and mental effort is at least similar. This effect is
independent of the levels of illuminance on the working plane, as long as the minimum values
recommended by the international standards are fulfilled.
(2) Self-esteem is good on average. In addition, it was remarkably improved in one of the two groups
when changing from electrical to natural lighting.
(3) The satisfaction with life of female victims of gender violence is, in general terms, low. It was not
improved with the workshops; and the lighting conditions, according to the questionnaire about
this topic, seem to have no influence.
(4) The most powerful effect on sleepiness and mental effort seems to come from the session (better in
the morning), whereas the afternoon sessions seemed to improve self-esteem. Due to this
encountered effect and the low influence of lighting, even when specific cold light luminaries
were installed, it is recommended that the illumination is adapted to the most sustainable option
in financial and environmental terms: the use of daylight is better than the use of electrical
luminaries. When the absence of windows makes it difficult, the introduction of daylight with
light-pipes or other reflecting and/or refracting systems should be considered.
(5) These considerations show that in some critical activities, such as the recovery of victims of gender
violence, remarkable energy savings can be achieved even when the electrical lighting installation
is sustainable as in the case presented in this research (100% LED). In this case, the concentration
of the workshops in areas and at times when daylight use is possible, allows important energy
savings with better results for the planned task.
(6) The wide variety of variables that may influence any study with female victims of gender
violence is a limitation. Hence, the search for optimal illumination that might improve some
critical parameters related with better attention during the therapy workshops, better self-esteem,
higher satisfaction with life and, in summary, a better quality of life, is a really complex problem.
However, this complexity should not be an obstacle, but encourage multidisciplinary researchers
to investigate the use of light to enhance wellbeing in this critical collective.
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